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Introduction
Cancer is an acquired genetic disease of clonal origin. Carcinogenesis and its subsequent development follow the principles of evolution, starting with a single cell with stem cell properties and a proliferative advantage, leading to clonal expansion, clonal evolution and subsequent demise by killing the host: "Evolution gone awry".
Evolution can be divided into three essential steps: 1. "Chance" or random movement of molecules allows structures to interact. 2. Molecular affinity, "Necessity" (J. Monod, Chance and Necessity: Essay on the Natural Philosophy of Modern Biology, 1970) , leads to a new structure providing novel properties and function. The 3rd step of the evolutionary processes, for which I would propose the term "Synclipse", occurs, if the new constellation provides a biochemical and biological survival advantage, "survival of the fittest", in a given environmental context.
The initial event, in the context of germ line predisposing mutations/polymorphisms, reflects the cellular reaction to environmental factors: microenvironment, chemicals, radiation, viruses by altering epigenetic gene regulation. These genes of importance for proliferation, apoptosis and differentiation, are thus more prone to mutations, and after further evolution a malignant genotype is acquired. The development of these new molecular structures and functions follow the principles of evolution outlined above. These genetic alterations are the basis for the pathophysiological alterations of the malignant phenotype and are also potential targets for therapeutic strategies. The genetic analysis, whole exon and whole genome sequencing identify the genetic alterations in specific genes that frequently code for proteins targeted by small synthetic molecules. Re-sequencing in different metastasis and during the clinical course has demonstrated the ongoing evolution of cancer cells. Identification of molecular targets is the basis of modern therapeutic strategies ("Targeted Therapies"). These molecular targets, also identified by immunological techniques, can be targeted by small synthetic molecules and by immunological strategies like antibodies, immunological checkpoint inhibitors and transgenic T cells (Chimeric Antigen Receptor T Cells). While analysis of the cancer genome is increasingly becoming an integral part of clinical oncology, genetic analysis of asymptomatic persons for cancer risk as well as the incidental findings during clinical diagnostic testing of other, not cancer related prognostic genetic alterations, represent not only a clinical but also a legal and ethical challenge.
In this reading list some of the pivotal studies describing our current understanding and concepts of cancer are represented as a conceptual introduction to malignant disorders, to understanding cancer.
! !

Historical Perspective
On the origin of the term "stem cell". ! "The origin of the term "stem cell," can be traced back to the late 19th century. The term stem cell originated in the context of two major embryological questions of that time: the continuity of the germ-plasm and the origin of the hematopoietic system. Theodor Boveri and Valentin Häcker used the term stem cell to describe cells committed to give rise to the germline. In parallel, Artur Pappenheim, Alexander Maximow, Ernst Neumann, and others used it to describe a proposed progenitor of the blood system. The original meanings of the term stem cell, rather than being historical relics, continue to capture important aspects of the biology of stem cells as we see them today."
These concepts led Theodor Boveri in th early 20th century to a novel concept of cancer, using somewhat different terminology then we use today, predicting molecular alterations a a perquisite for the malignant phenotype. ! "The recent discovery that normal and neoplastic epithelial cells re-enter the stem cell state raised the intriguing possibility that the aggressiveness of carcinomas derives not from their existing content of cancer stem cells (CSCs) but from their proclivity to generate new CSCs from non-CSC populations. Here, we demonstrate that non-CSCs of human basal breast cancers are plastic cell populations that readily switch from a non-CSC to CSC state. The observed cell plasticity is dependent on ZEB1, a key regulator of the epithelial-mesenchymal transition. We find that plastic non-CSCs maintain the ZEB1 promoter in a bivalent chromatin configuration, enabling them to respond readily to microenvironmental signals, such as TGFβ. In response, the ZEB1 promoter converts from a bivalent to active chromatin configuration, ZEB1 transcription increases, and non-CSCs subsequently enter the CSC state. Our findings support a dynamic model in which interconversions between low and high tumorigenic states occur frequently, thereby increasing tumorigenic and malignant potential".
!
Random Mutations and Aging
Cancer etiology. Variation in cancer risk among tissues can be explained by the number of stem cell divisions.
Tomasetti C, Vogelstein B., Science. 2015 Jan 2;347(6217):78-81. doi: 10.1126/science.1260825 ! "Some tissue types give rise to human cancers millions of times more often than other tissue types. Although this has been recognized for more than a century, it has never been explained. Here, we show that the lifetime risk of cancers of many different types is strongly correlated (0.81) with the total number of divisions of the normal self-renewing cells maintaining that tissue's homeostasis. These results suggest that only a third of thevariation in cancer risk among tissues is attributable to environmental factors or inherited predispositions. The majority is due to "bad luck," that is, random mutations arising during DNA replication in normal, noncancerous stem cells. This is important not only for understanding the disease but also for designing strategies to limit the mortality it causes." ! "Cancers arise from multiple acquired mutations, which presumably occur over many years. Early stages in cancer development might be present years before cancers become clinically apparent. Clonal hematopoiesis with somatic mutations is readily detected by means of DNA sequencing, is increasingly common as people age, and is associated with increased risks of hematologic cancer and death. A subset of the genes that are mutated in patients with myeloid cancers is frequently mutated in apparently healthy persons; these mutations may represent characteristic early events in the development of hematologic cancers."
